This protocol describes the fabrication and characterization of nanostructures using a novel nanolithographic technique called Patterning via Optical Saturable Transitions (POST). In this technique the chemical properties of organic photochromic molecules that undergo single-photon reactions are exploited, enabling rapid top-down nanopatterning over large areas at low light intensities, thereby, allowing for the circumvention of the far-field diffraction barrier. 4 Simple, cost-effective, high throughput and resolution alternatives to nanopatterning are being explored, such as, two-photon polymerization 5,6 , beam pen lithography (BPL)
Introduction
Optical lithography is of key importance in the fabrication of nanoscale structures and devices. Increased advancements in novel lithography techniques has the ability to enable new generations of novel devices. [8] [9] [10] [11] In this article, a review is presented of a class of optical lithographic techniques that achieve deep sub-wavelength resolution using novel photoswitchable molecules. This approach is called Patterning via OpticalSaturable Transitions (POST). [1] [2] [3] POST is a novel nanofabrication technique that uniquely combines the ideas of saturating optical transitions of photochromic molecules, specifically (1,2-bis(5,5'-dimethyl-2,2'-bithiophen-yl))perfluorocyclopent-1-ene. Colloquially, this compound is referred to as BTE, Figure 1 , such as those used in stimulated emission-depletion (STED) microscopy 12 , with interference lithography, which makes it a powerful tool for large-area parallel nanopatterning of deep subwavelength features onto a variety of surfaces with potential extension to 2-and 3-dimensions.
The photochromic layer is originally in one homogeneous state. When this layer is exposed to a uniform illumination of λ 1 , it converts into the second isomeric state (1c), Figure 2 . Then the sample is exposed to a focused node at λ 2 , which converts the sample into the first isomeric state (1o) everywhere except in the near vicinity of the node. By controlling the exposure dose, the size of the unconverted region may be made arbitrarily small. A subsequent fixing step of one of the isomers may be selectively and irreversibly converted (locked) into a 3 rd state (in black) to lock the pattern. Next, the layer is exposed uniformly to λ 1 , which converts everything except the locked region back to the original state. The sequence of steps may be repeated with a displacement of the sample relative to the optics, resulting in two locked regions whose spacing is smaller than the far-field diffraction limit. Therefore, any arbitrary geometry may be patterned in a "dot-matrix" fashion.
1-3
Multiple Exposures
1. If performing multiple exposures repeat steps 3-6 with a translation of the sample relative to the optics.
Representative Results

Fabricated samples:
Different oxidation times were characterized as illustrated by the atomic-force micrographs in Figure 3 at an oxidation voltage of 0.85 V determined from cyclic voltammetry. The 50 nm-thick films were exposed to a standing wave at λ = 647 nm of period 400 nm for 60 sec at a power density of 0.95 mW/cm 2 . As the oxidation time is increased from 10 min to 25 min, one can clearly see a loss of contrast as some of the regions comprised of 1o get oxidized as well. The developer (5 (wt%) isopropanol: 95 (wt%) ethylene glycol) dissolves all oxidized portions. Larger oxidation times result in uneven line and increased surface non-uniformities after development. Therefore, a careful choice of the oxidation conditions is critical to patterning high-quality nanostructures. 2 The higher dipole moment of the closed form of the molecule, 1c, as compared to the open form, 1o, allows for the closed form to be more soluble in polar solvents. This is represented in Figure 4 , where half of the sample was converted to the closed form, 1c, and the other half was converted to the open form, 1o. The sample was then developed in 100 (wt%) ethylene glycol for several different development times and then the thickness of the film remaining was measured using a profilometer. From this graph the high selectivity of the dissolution locking step is seen. To remove the residual layer of the closed form, 1c, a reactive ion etching (RIE) process as used in nanoimprint lithography could be used. 13 Since the photochromic film can readily recover to its original state upon exposure to UV, it is straightforward to extend the idea to multiple exposures. This is, of course, required for creating dense patterns. Here, the feasibility of this approach is shown by performing two exposures of the same standing wave, but with a ~45° rotation in between ( Figure 5) . Each exposure was conducted on the Lloyd's-mirror interferometer, with a standing wave of period, 540 nm at λ = 647 nm (incident intensity ~2.1 mW/cm 2 ) for 1 min. After the first exposure, the sample was immersed in 100 (wt%) ethylene glycol for 30 min and exposed to short-wavelength UV lamp for 5 min to convert the molecules to the original closed-ring isomer 1c. The sample was then rotated approximately 45° relative to the optics, and a second exposure to the standing wave was performed. Again, the sample was immersed in 100 (wt%) ethylene glycol for 30 min. After each development, the sample was rinsed in deionized water and dried with N 2 . The corresponding atomic-force micrograph resolves lines with spacing as small as ~260 nm or λ/2.5, which is less than half of the period of the standing wave. 3 To verify the efficacy of the sample holder, several exposures were performed to see if the line edge roughness had improved. Assuming an incident sinusoidal illumination, the resulting feature size can be readily simulated. In Figure 7 , this feature size is plotted as a function of the exposure time using the solid blue line. The experimentally measured values are shown using crosses. Using the exposure threshold as the only fitting parameter, it is shown that this simple model can accurately explain our experimental results. The smallest experimentally obtained feature size was ~85 nm, corresponding to a linewidth of ~λ/7.4. More precise control of the exposure time should enable even smaller features. Note that as the exposure time is increased, the simulation indicates that feature size should be reduced significantly below the far-field diffraction limit. From the scanning electron microscope (SEM) images, it is shown that the line-edge roughness has improved with the use of the inert atmosphere sample holder. 
